Background and methods: In the setting of a cluster randomized study to assess impact of the Integrated Management of Neonatal and Childhood Illnesses (IMNCI) program in the district of Faridabad in India, we randomly selected auxiliary nurse midwives (ANM), anganwadi workers (AWW) and accredited social health activists (ASHA) from intervention and control areas to collect cost data using an economic perspective. Bootstrap method was used to estimate 95% confidence interval. Results: The annual per-child cost of providing health services through an ANM, AWW and ASHA is INR 348 (USD 7.7), INR 588 (USD 13.1) and INR 87 (USD 1.9), respectively. The annual per-child incremental cost of delivering IMNCI is INR 124.8 (USD 2.77), INR 26 (USD 0.6) and INR 31 (USD 0.7) at the ANM, AWW and ASHA level, respectively. Conclusion: Implementation of IMNCI imposes additional costs to the health system. A comprehensive economic evaluation of the IMNCI is imperative to estimate the net cost implications in India.
Introduction
The Integrated Management of Neonatal and Childhood Illnesses (IMNCI) program is implemented in 433 districts of India and aims to prevent childhood mortality through actions at the household and health system level. At the household level, general health care-seeking behavior of families is improved to enhance the uptake of preventive services and promote good child-rearing practices. From a health system perspective, health care providers are trained to improve their skills for diagnosis and management of childhood illnesses. Finally, the health system is strengthened by improving the supply of drugs at the primary care level and by improved referral pathways [1] .
Several studies evaluating Integrated Management of Childhood Illnesses (IMCI) implementation costs and effectiveness from a societal perspective have noted either cost-neutral or cost-saving effects on national health care expenditures [2] [3] [4] [5] . However, using a health system perspective, another study from Bangladesh found that implementation of the IMCI program would result in an additional cost of approximately 2.6-4.0 million US dollars (USD) on account of extra health workforce, about 1-1.5% of the total health sector budget of the Government of Bangladesh [6, 7] .
Funding
The study was funded by the World Health Organization, Geneva (through an umbrella grant from USAID); the United Nations Children's Fund, New Delhi; and the GLOBVAC Program of the Research Council of Norway through grant No 183 722. Individual scientists at WHO and UNICEF contributed importantly to the planning, analysis and reporting of this study. However, the central bodies of these agencies and the Research Council of Norway had no influence on how the data were collected, analyzed or presented. The corresponding author had full access to all data that were analyzed and had final responsibility for the decision to submit the manuscript for publication.
In India, several factors make implementation of this child health program unique. First, IMCI was adapted with a strong focus on the neonatal component and hence renamed as IMNCI. Second, the IMNCI program had a greater emphasis on the community component, in terms of behavior change communication for improved child care practices. A cluster randomized trial from North India found significant reductions in neonatal and infant mortality [8] . We designed an economic evaluation that was nested in this IMNCI effectiveness trial. In this article, we report the cost of delivery of child health care services through community health care workers' (CHWs) level. For our analysis, we include auxiliary nurse midwives (ANM), anganwadi workers (AWW) and accredited social health activists (ASHA). Third, we estimate incremental cost of child health services at each of these levels with implementation of IMNCI program, as compared with delivery of routine child health services without IMNCI.
Methods
We conducted our study in district Faridabad of Haryana state, which has a total and under-five population of 2.7 million and 0.39 million respectively [9] . The IMNCI program was implemented in nine cluster-randomized primary health centers (PHCs) of the district, whereas routine child health care services were implemented by nine other PHCs [8] . Detailed description of the intervention is available elsewhere [8] . We selected 8 and 10 ANMs and ASHAs from intervention and control areas, respectively, whereas 9 AWCs were selected randomly from intervention and control areas for costing of child health services at the anganwadi level.
Cost data collection and analysis
We used a bottom-up ingredients approach to estimate the economic cost of child health care services delivered by the primary care workers, with and without IMNCI. Trained field investigators, with graduate-level qualification, collected the data on resources, i.e. building space, equipments, salary and any incentives or allowance for human resources, medicines, vaccines, other consumables and diagnostics for 1 year, i.e. 2010. Data were collected from the AWW, ANM and ASHA workers ( Table 1) .
All the resources consumed at each level were apportioned for child health care using a specific methodology ( Table 1 ). The equation mentioned in the following text describes the estimation of time cost of primary care workers for under-5 child health. 
These ratios ( U5 P ij ) were also used to apportion the child health resources in terms of drugs, consumables, space, equipments and diagnostics that were used jointly for both under-5 and above-5 population ( Table 1 ). Drugs that were consumed solely for child health contributed totally, whereas those that were used solely for adult health were not accounted for in child health care cost estimation.
Capital equipments, i.e. those that yielded returns lasting >1 year, were annualized based on the useful life of the capital item and by assuming a discount rate of 3% to account for time preference of money [10] . For computing the cost of space, we estimated the area in which the sub-center or anganwadi center was built and used the currently prevailing rental price for land in the village to estimate the opportunity cost of the infrastructure.
Resources spent on training the community-level workers were also estimated in terms of time costs of trainees and trainers, space, equipments, training material and travel costs. Fraction of these resources attributable to child health was estimated based on the content of the training. Those trainings (e.g. family planning training) that did not have any child health component were excluded from costing. Those trainings that were solely aimed at improving child health care (e.g. neonatal resuscitation) were attributed entirely for the same. Trainings such as skilled birth attendance, management information system, etc, which aimed at improving both child and adult health, were apportioned by multiplying the same with U5 P ij . Based on discussion with local health care managers, we assumed that the refresher trainings will not be held before the seventh year; hence, we estimated the annualized economic cost of training using a discount rate of 3%.
The cost of supervision and program support for delivery of child health services by CHWs was estimated at the district and sub-district level. The time cost of staff for supervision was apportioned by the proportion of man-hours that the personnel spent travelling for child health supervisory activities during the past 1 month. Tour diary of the personnel was reviewed to assess the same. This factor was also used to apportion the other capital and recurrent costs of supervision.
Statistical analysis
All costs were converted to 2010 prices (Indian National Rupees, INR), with cost in USD estimated at a conversion price of INR 45 per USD. Overall cost of providing child health services was estimated by summating the cost incurred for child health on account of time of personnel, space, equipments, medicines, vaccines, consumables, training and cost of monitoring and supervision. Per-unit cost of service delivery was obtained by dividing the overall cost of child health care services by the number of under-5 children enrolled for care provision by the primary care worker.
To account for a small sample of health workers selected for estimation of cost, we used the bootstrap method to calculate the mean cost and its 95% confidence limits. Statistical significance of difference of mean costs in intervention and control areas was estimated using the t-test, and 95% confidence interval for the mean difference was computed.
Results
The average population served by an ANM in the study area was 5500, whereas an AWW and an ASHA were providing services to about 1500 and 1700 individuals, respectively (Web-appendix Table  A1 ). Each ANM, AWW and ASHA in the areas with standard health care delivery programs attended to 3.1, 2.3 and 4 sick under-5 children per day (Webappendix Table A2 ). In contrast, an AWW in an IMNCI implementation area catered to 3.3 sick children per day, whereas both ANMs and ASHAs managed 7 sick children per day.
We found that the average time spent by an AWW and ANM in treating a sick under-5 child was 11.4 minutes. Similarly, ASHA took 13.2 min to examine and treat a sick child (Web-appendix Table A2 ). With IMNCI, the health workers took longer time to manage sick children using the algorithms. On an average, ANM, AWW and ASHA took 21.4, 52.6 and 4.5% extra time, respectively, to manage a sick child than their counterparts who were not trained in IMNCI.
Cost of routine child health services in the control area
The overall annual cost of child health care was INR 337 050 (USD 7490), INR 103 809 (USD 2307) and INR 15 859 (USD 352) per ANM, AWW and ASHA level, respectively (Table 2 ). Major drivers of child health care cost at the AWC and ANM level were capital and human resources (Fig. 1) 
Discussion
Overall, we found that the cost of providing health care services to a child through an ANM, AWW and ASHA costs the Government of India an average of INR 348 (USD 7.7), INR 588 (USD 13.1) and INR 87 (USD 1.9), respectively. Providing child health care services, with IMNCI, additionally cost INR 125 (USD 2.8), INR 26 (USD 0.6) and INR 83 (USD 1.8) at the ANM, AWW and ASHA level respectively. Whereas major drivers of cost at the ANM level are staff time, drugs and capital cost, staff time and drugs contribute the major expenses while providing services through AWW. Incremental costs of implementing IMNCI at the primary care worker level are mainly contingent on the additional time allocated to child health, program monitoring and strengthening of infrastructure in terms of increased availability of drugs.
To our knowledge, this is the first study from India that computes the cost of comprehensive child health (and nutrition for AWW) care services at the primary care community health worker level. Implementation of the IMNCI program in a research mode with a cluster randomized study design in a district provided a unique opportunity to study the incremental costs of the program at the community health care worker level without introducing the biases of a case-control study.
The additional time required to manage a single child by the AWW and ANM in our study is similar to that reported from Bangladesh [7] . Major determinants for cost of child health care services at the ANM level are capital and staff time. Similar observations have been found in Tanzania and Brazil [5, 11] . Another Indian review estimated the cost of child care services at the anganwadi level to be USD 10, which is close to our estimate [12] .
High number of cases treated by ANM, ASHA and AWW per day in areas implementing IMNCI could be because of higher morbidity in IMNCI areas. However, a systematic review of the impact of the IMNCI intervention shows a decline in childhood morbidity rate in a wide range of settings where IMNCI was implemented [4] , hence we believe that the rise in treatment load was an evidence of shift in treatment-seeking behavior from private practitioners or local quacks to the primary care community health workers. Moreover, findings from India also indicate that IMNCI results in lowering of neonatal and infant mortality [8] .
We note the limitations in our study methodology and generalizability of findings. Due to constraint in resources, we did not undertake rigorous time allocation study, and rather relied on reported time spent by study participants per child contact, and supplementing the same with reported number of under-5 child contacts as reported in service registers. We could not collect data on cost of supervision for AWW, as the same was being done by a department other than the health department, hence our results for AWW should be viewed in light of this limitation. Finally, the study covered one district from North India. Considering the vast diversity in health care delivery among Indian states, we recognize that there could be variations to the base estimate of the unit cost.
The additional cost of delivery of IMNCI has fiscal implications for its implementation. However, full economic evaluations of the IMNCI program that take a societal perspective have shown that the reduction of morbidities and the shift in the treatment seeking from secondary care to primary care health workers result in reduction in the treatment costs, which offsets the additional investments made as part of the program implementation. Multi-country evaluations from Brazil, Tanzania and Uganda point in this direction. We believe that with higher out-ofpocket spending levels at private providers in India, reduction in treatment costs can result in an even greater cost-saving impact of the IMNCI program. This calls for a full economic evaluation of the 
